The importance of accurate determination of the critical properties of plus fractions in prediction of phase behaviour of hydrocarbon mixtures by equations of state is well known in the petroleum industry. It has been stated in various papers (Elsharkawy, 2001) that using the plus fraction as a single group in equation of state calculations reduces the accuracy of the results. However in this work it has been shown that using the proper values of critical temperature and pressure for the plus fraction group can estimate the properties of hydrocarbon mixtures, and they are accurate enough to be used in reservoir engineering and enhanced oil recovery calculations.
Introduction
The importance of accurate determination of the critical properties of plus fractions in prediction of phase behaviour of hydrocarbon mixtures by equations of state is well known in the petroleum industry.
The plus fraction, usually C 7+ , contains thousands of hydrocarbon components heavier than SCN6. PVT analysis performed in laboratories usually provides a few data for the plus fraction, namely mole percent, molecular weight, and changes in properties of the sample's plus fraction. Therefore, for black and heavy oils, proper characterization of plus fractions is crucially important.
Using complex splitting and lumping processes, most authors have sacrificed simplicity and straightforwardness properties by equations of state. Splitting consists of dividing the plus fraction into single carbon numbers (SCN) and then investigating the mole fraction and physical properties of each SCN group. Lumping is the process of merging SCNs to obtain a smaller number of components to use in decades several authors have proposed new splitting methods (Pedersen et al, 1992) , (Katz, 1983) and (Lohrenz et al, 1964) , but most studies have aimed to improve the three parameter gamma distribution (TPG) based method proposed by Whitson (1983) . All these methods need correlations that are able to predict physical properties of SCNs. As will be shown in this paper, accuracy of these correlations is a major factor in prediction of properties, which are used in equations of state calculations. Danesh (1998) has listed the most widely used or promising methods for predicting critical properties of SCNs and the plus fraction of reservoir fluids. Lee-Kesler correlation (Kesler and Lee, 1976) , Twu correlation (Twu, 1984) and Riazi-Daubert correlation (Riazi and Daubert, 1987) are some of these correlations. Recently, Sancet (2007) proposed a new method for calculating plus fraction, which is claimed to provide better results than Riazi-Daubert correlation. Methods proposed by Riazi and Daubert (1987) and Sancet (2007) will be discussed in the next sections.
In this study, a new set of correlations for calculation of critical properties of the plus fraction and SCNs, i.e. Tc, Pc and boiling temperature, was developed. Compared to the Riazi-Daubert correlation, Sancet correlation and other correlations, the proposed method is able to predict critical properties that lead to more accurate results in equations of state calculations, i.e. more accurate reservoir fluid bubble point pressure and density. Riazi and Daubert (1987) proposed a simple correlation for prediction of physical properties of hydrocarbon mixtures. In this equation represents the property to be determined, T c and P c in this study, and 1 and 2 can be any two parameters characterizing molecular forces and molecular sizes of a component (Danesh, 1998) . Pairs of components; boiling temperature (T b ) and molecular weight (MW) or molecular weight and specific gravity (S) can be used in place of 1 and 2 . Table 1 shows the constants used for RiaziDaubert correlation when all properties are in SI units. 
Available correlations

1 Riazi-Daubert correlation
2 Sancet correlation
Sancet used the data set provided by Reid (Reid et al, 1987) to establish a relationship between MW and the critical properties T c (°R) and P c (psia). To use the Edmister (1958) correlation for the acentric factor, Sancet developed a correlation for bubble point temperature (°R). 
Sancet compared both his and Riazi-Daubert's correlation results with 20 PVT laboratory test results performed using using his correlation will slightly increase the accuracy of bubble point calculations over Riazi-Daubert's correlation. However, his correlation results in far better density prediction than Riazi-Daubert Correlation.
3 Lee-Kesler acentric factor correlation
Lee-Kesler acentric factor correlation (Kesler and Lee, 1976 ) is simply a re-arrangement of the Lee-Kesler vapor pressure correlation (Lee and Kesler, 1980 
For T br 
The proposed model
Many methods for molar distribution and physical properties characterization of petroleum fractions have been reported in literature (Pedersen et al, 1992) and (Katz, 1983) . All these methods use a set of correlations for predicting critical properties of SCN and plus fraction groups. This study is aimed to develop such correlations, namely critical temperature, critical pressure, and bubble point temperature correlations. For the acentric factor, the correlation developed by Kesler and Lee is used.
Using the critical properties calculated with the LeeKesler correlations (see Table 2 ), and the average molecular weight of single carbon number groups SCN7 to SCN45, a relationship was established for calculation of critical temperature and pressure of SCN and plus fraction groups. A nonlinear least squares method was used to fit various nonlinear equations on the available data. It was found that for the plus fraction, the best models to fit the critical pressure, critical temperature and bubble point temperature data, provided by Lee-Kesler correlations, are exponential, logarithmic, and polynomial functions, respectively. Coefficients of these functions were determined through nonlinear least squares calculations as described in the appendix.
The obtained correlations (Eqs. 7 and 8) can be used in cases where critical properties of single carbon numbers are be used for calculating critical temperature and pressure of plus fractions. In this case splitting the plus fraction to single carbon number groups is unnecessary and, as will be shown in the next section, values of bubble point pressure calculated with this method are satisfactory, even without tuning.
Note that the proposed correlations, which are as simple as Riazi-Daubert correlation, use atmospheres as the pressure unit and degrees kelvin as the temperature unit. 
Moreover, a boiling point temperature correlation has been derived from the same source as the critical properties source and is used to calculate the boiling point temperature of plus fractions to be employed in Edmister and Lee-Kesler acentric factor correlations. 
PVT data
Twenty-five oil samples, all of which were black and used in this study. PVT studies show that the API of the 25 oil samples ranges between 19.85 and 42.80, and gas/oil ratio
The composition of all the samples was analyzed and mole percent of 17 components was measured. These 17 components are hydrogen sulfide, carbon dioxide, nitrogen, methane, ethane, propane, i-butane, n-butane, i-pentane, n-pentane, SCN6, SCN7, SCN8, SCN9, SCN10, SCN11, and C 12+ . Most studies in literature consider the plus fraction as SCN7 and heavier components. In this study, however, we assumed that plus fraction is SCN12 and heavier components. Therefore, it is expected that better understanding of the composition of samples provides us with more accurate predictions of bubble point pressure and density of reservoir fluids. The PVT properties of the 25 samples are given in Table 3 .
Results and comparison with available correlations
The critical temperature and pressure of the plus fractions of the 25 reservoir fluid samples were calculated by the Riazi-Daubert and Sancet correlations and also the proposed correlation in this paper. The Riazi-Daubert correlation is selected because it is one of the most widely used correlations in the industry and literature, while the Sancet correlation is rather new and as claimed by the author it provides better physical properties. Using plus fraction critical properties calculated by the study of bubble point pressures was undertaken. Table 4 presents the values of bubble point pressure calculated by the three correlations explained above and Fig. 1 Results show that values of bubble point pressure calculated using Sancet correlation are generally underestimated compared with the experimental value, with the average relative error of the 25 oil samples being 22.6%, which is more than twice as high as that calculated using Riazi-Daubert correlation. Therefore, the Sancet correlation is not suitable for bubble point pressure calculations.
On the other hand, the Riazi-Daubert correlation tends to The proposed set of correlations, however, has no difference between the both equations of state and outperforms both the Riazi-Daubert and Sancet correlations calculated using the three correlations. Fig. 2 shows the comparison between experimental and calculated values of bubble point pressure. Unlike the overestimated result of the Riazi-Daubert correlation and the underestimated result of the Sancet correlation, the proposed set of correlations doesn't always lead to overestimated or underestimated results. More importantly, the proposed correlations yield good estimation of bubble point pressures all over the study range of pressures.
To assess the performance of correlations in predicting liberation test performed in the laboratory. Tables 7 and 8 present the specific gravity values of liberated liquid and gas at each step and Tables 9 and 10 show the cumulative relative error of calculations performed for liquid and gas cumulative error of gas specific gravity calculations by the proposed set of correlations in successive steps of differential liberation test is comparable to that by the Riazi-Daubert gravity calculations by the proposed set of correlations is much less than that by the Riazi-Daubert correlation. Note that in liquid specific gravity calculations, to achieve better results volume shift methods were used. Fig. 3 displays the effect of molecular weight of the plus fraction on bubble point pressure calculations of sample 13. Again, it is clear that the proposed set of correlations yield the best result. Moreover, it follows the same pattern for various molecular weights as other well-established correlations (Twu and Riazi-Daubert correlations) do.
Conclusions
conclusions can be drawn:
1) This study presents a new set of correlations developed to calculate critical properties of plus fractions of reservoir fluids. Whether the plus fraction is C 7+ (as in most cases discussed in literature) or a heavier pseudo-component (C 12+ in this study), the proposed critical pressure and temperature correlations yield the best matches of experimental bubble point pressure among other commonly used correlations .
2) The proposed set of correlations can be used in process of determining reservoir fluid saturation pressure or other physical properties (e.g. liquid and gas specific gravity). Assuming errors of 20% for bubble point pressure and density measurements, it is concluded that using the plus fraction as a single pseudo-component, instead of splitting it into more pseudo-components, yields satisfactory bubble point pressure and density values.
3) The results of performing bubble point pressure calculations using the proposed set of correlations combined Several methods can be used to solve this problem. An approach suggested by Gauss is to use a linear approximation to the expectation function, f, to iteratively improve an initial guess x 0 for x and keep improving the estimates until there is no change. This approach is called the "Gauss-Newton" method. For small h it is followed from the Taylor expansion that
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